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Introduction
Multi-band base station antennas are widely used for mobile communication systems since current systems operate at multiple frequency bands from 700 MHz to 2 GHz bands to cover recent large traffics [1, 2] . Ministry of Internal Affairs and Communications in Japan announced that 3.5 GHz bands were assigned to the fourth generation mobile communication systems [3] . In this situation, multiband base station antenna that operates from 700 MHz to 3.5 GHz bands should be useful for the next mobile communication systems.
Reflector backed dipole (RBD) antenna configuration is popularly used for mobile base station antennas because of its broadband characteristics and ease to form sector radiation pattern with dual-polarized configuration. In the RBD antenna configuration, the spacing between the dipole element and reflector should be less than about quarter wavelength to obtain sector radiation pattern. Therefore, when configuring the multi-band antenna sharing the reflector, dipole elements of the RBD antenna for high frequency bands should be closely placed to the reflector than those for lower frequency bands. In this case, the waves radiated from high frequency band dipole elements induce the currents on the low frequency band dipole elements and the induced currents distort the radiation pattern in the high frequency band [4] .
It has been reported that using frequency selective reflector (FSR) as the reflector of the RBD antenna is effective to configure the multiband mobile base station antennas [5, 6, 7] . In the base station antennas, the beamwidth in the horizontal plane is important to cover sector service area and to suppress the interference toward the adjacent sectors [1, 2] . Generally, the beamwidth of the RBD antenna can be adjusted by the width of the reflector. However, the width of the FSR depends on the number of the FSR elements, therefore the width of the reflector cannot be configured arbitrarily when using the FSR as the reflector, this means that it is difficult to obtain an arbitrary beamwidth of the RBD antenna using FSR as the reflector.
This paper proposes the configuration using different size of the FSR elements aligned in the both side columns of the FSR in the FSR backed dipole antenna.
Square loops are considered as the FSR elements in this study [8] . It is shown by the numerical analysis using the moment method that the proposed antenna enables to adjust the half-power-beam-width (HPBW) of the RBD antenna arbitrarily under the limited range.
Proposed FSR configuration
It has been reported that the phase of the current flowing on each FSR element can be controlled by changing the size of the FSR element [9] . When the size of the loop FSR is increased, the phase of the wave radiated from the enlarged loop element is delayed, and when the size is decreased, the phase is advanced. By using this property, we propose the beamwidth control of the FSR backed dipole antenna (FBD). We change the size of the FSS elements in the both side columns to adjust the beamwidth. Using enlarged elements aligned in the both side columns can increase the beamwidth while using reduced elements should decrease the beamwidth as shown in Fig. 1 . In this letter, the effectiveness of the proposed configuration is evaluated by the moment method analysis.
Analysis model
The proposed configuration is shown in Fig. 2(a) . The dipole antenna is composed of strip conductors. Each strip conductor of the dipole antenna is modeled by wire grid divided into 4 and 5 in width and length directions as shown in Fig. 2(a) , and the width w d and length l d are 10 mm and 32.6 mm, respectively. The dipole element is fed at the wire connected between both the strip elements. The diameter of the wire used in the wire grid model is 0.2 mmº. The square loop elements configuring the FSR are configured by the wires whose diameter is 0.2 mmº, and are placed in the yz plane. These are separated by 17.1 mm from the dipole element as shown in Fig. 1(a) . The number of the loop elements in the y and z directions are both threes in this study. The side lengths of the square loops in the left and right columns, and in the center column are represented by l s and l m , respectively. The side length l m is 23 mm, and the side length l s is determined by l m Â TF. TF is called 'taper factor' here defined by the ratio of the side length l s =l m . The distance s l between the centers of the adjacent loop elements is 26 mm. The investigated frequency is 3.5 GHz. 4NEC2 [10] is used for this analysis. In this letter, the dependency of HPBW and the front to back power ratio (FB) on the taper factor TF is investigated. The FB is defined by the ratio of the forward radiation power (at 0 degrees) to the maximum backward radiation power in the range from 135 to 215 degrees. Fig. 2(b) shows the relationship between the taper factor TF and HPBW. The relationship between TF and FB is also plotted in Fig. 2(b) . As can be seen in Fig. 2(b) , arbitrary HPBW from 70 degrees to 145 degrees can be obtained by adjusting the side length of the square loops aligned in the both side columns when changing TF from 0.7 to 1.1. HPBW is minimum when TF is 0.92. The reason for increasing the beamwidth as decreasing the loop size is considered as that the reflected wave with advanced phase from the reduced loop elements is largely tilted, this causes to increase the beamwidth as shown in Fig. 3(a) . Therefore, the same HPBW can be obtained when TF is less than 0.92 and TF is more than 0.92. As for the FB characteristics, FB is minimum when TF is 0.88. Fig. 3(b) shows the radiation pattern comparison of proposed antennas obtaining the same HPBW of 85 degrees using different TFs of 0.885 and 1.003. As can be confirmed from Fig. 3(b) , the back lobe with the TF of 1.003 (large loop case) can be reduced than that of 0.885 (small loop case). Thus the large loop case is suitable for the base station antenna from the view of obtaining sector radiation pattern. In addition, the HPBW suddenly changes according to the change of TF when TF is less than 0.92. From that point, the large loop case is also suitable for the base station antenna to obtain frequency stable radiation pattern. 
Analysis result

Conclusion
In this letter, we proposed a frequency selective reflector backed dipole antenna whose element sizes aligned in the both side columns are changed. It is shown that the proposed antenna can control the beamwidth of the antenna by adjusting the size of the frequency selective surface elements in both side columns. There are two cases to obtain the same HPBW sector pattern using the different taper factor TFs; the TFs are less than 0.92 case (small loop case) and more than 0.92 case (large loop case) in this antenna configuration. However, considering the FB characteristics and stability of the radiation pattern, large loop case is suitable to obtain sector radiation pattern.
Acknowledgments
This work was partially supported by JSPS KAKENHI Grant Number 25420381. 
